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Los Alamos National Laboratory Lessons Learned for Fiscal Year 2018: 

SAVY-4000 Lid Bar Stock Issue 

Paul H. Smith, Jude Oka, Tristan Karns, Timothy Stone, Kirk Reeves, Jonathan Gigax,  
Raj Vaidya, James Wendelberger, Nick Guadagnoli, Elizabeth Kelly,  

Dakota Gregory, Robin Cunningham 

Discovery 

During acceptance testing at Nuclear Filter Technologies (NFT) in May, 2018 of a batch of 150 
SAVY-4000 containers (3 Qt), 89 containers were rejected due to failing and higher than normal 
helium leakage test results (see attachment NC#18-033). A total of 56 of those rejected failed the 
maximum allowed helium leakage rate criterion of 1.0E-05 std cc/sec specified in 55Y-002926 
Rev. G, SAVY-4000 fabrication Specification. In addition, 33 containers were also rejected by 
the manufacturer with helium leakage rates measured between 1.0E-05 and 1.0E-06 std cc/sec 
(NFT NC# 18-033) because the containers were manufactured from the same lot of base material 
and the helium leakage rates were outside of the expected range. Upon discovery of the helium 
leakage test failures of the 3 Qt SAVY’s, NFT pulled the inventory of containers that failed the 
helium leakage tests and performed a detailed inspection of the lid assemblies. Small voids were 
discovered by visual inspection on opposing sides of the lids.  

Analysis 

One of the failing 3 Quart lids was sent to the manufacture of the bar stock (Valbruna, Slater 
Stainless, Inc.). The manufacture determined that the bar stock underwent and passed an 
ultrasonic test, and they also had Samuel Son & Co. Inc. prepare an etched specimen “in the 
transverse direction to observe the microstructure near the defect” for microscopic analysis 
(Figure 1). The memorandum (see attachments) from Valbruna (Memo to Michelle Parsons to 
Joe Vandiver, 6/26/18)) stated: “The defect falls within the acceptable size range for a ¼ FBH 
(6.4 mm) ultrasonic test. Additionally, this is a high machinability product with engineering 
inclusions to enhance machinability. These inclusions are aligned in the rolling direction. In this 
application, the transverse face is used as a containment surface. This product in this orientation 
may not be suitable for a pressure bearing surface or capable of passing a Hydrogen Leak test.” 
Valbruna also offered to provide information on other products that might be more suitable for 
this application.  

 

Figure 1 Tranverse-section of a failed 3 Qt SAVY-4000 lid with a helium leakage rate >1E-05 
std cc/sec. 
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A cross-section of another failing lid was sent to LANL, cross-sectioned, and examined 
microscopically (Jonathan Gigax, MPA-CINT, Los Alamos National Laboratory). The cross-
section revealed a void running through the minimum lid dimension (~2.6 mm thick) with a 
diameter ranging from ~0.02 to 0.1 mm (Figure 2). In addition to the cross-sectioning that was 
completed, a fluorescent dye penetration test was performed on a different 3 Qt lid with a helium 
leakage rate >1E-05 std cc/sec made from the same batch of bar stock (Figure 3), which 
indicated that there were several voids that penetrated the minimum lid dimension. Another 
SAVY lid (12 Qt) with a helium leakage rate of ~5E-06 std cc/sec was also found to have a 
through-wall penetration with the fluorescent dye test (Figure 4). This lid was made from a 
different batch of bar stock than the 3 Quart lids. A single lid from a recent batch of 8 Qt 
SAVY’s that failed the helium leakage test at the manufacturer was also found to have voids on 
both sides of the lid. So, thus far, three batches of bar stock have been identified with through-
wall penetrations. 

 

Figure 2 Cross-section of a failed 3 Quart SAVY-4000 lid with a helium leakage rate >1E-05 std 
cc/sec. The through-wall void appears white due to a silica compound used in the polishing process 

during sample preparation. 

 
Figure 3 Fluorescent dye penetrant testing of a failed 3 Quart SAVY-4000 lid with a helium 

leake rate >1E-05 std cc/sec showing more than one through-wall defects. 
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Figure 4 Fluorescent dye penetrant testing of a 12 Quart SAVY-4000 lid with a helium leake rate 

of ~5E-06 std cc/sec showing a single through-wall defect. 

 
The current requirement (55Y-002926 Rev. G, SAVY-4000 fabrication Specification) states that 
the canister lid shall be fabricated from 316L stainless steel bar in accordance with ASTM 
A479/ASME SA-479. Through literature, it is well known that flaws running along the bar axis 
are fairly common, and manufacturing guidelines recommend against the use of bar stock for lids 
used in vacuum applications for this reason. A User’s Guide to Vacuum Technology by John 
O’Hanlon, describes during the initial stages of mill production, when the metal begins to cool 
and solidify, the impurities contained within the metal will begin to distribute themselves at the 
top and center of the ingot. The portion with the most oxide and sulfide impurities is removed 
before rolling. Any remaining impurities are stretched into long narrow leak paths. The 
inclusions run in the direction of rolling. Based on this information, it is important to understand 
the final product’s use and application in service to ensure that the correct raw stock is selected 
for fabrication. However, although the SAVY storage containers are tested under vacuum, they 
were not designed as a vacuum system because the container is filtered to allow hydrogen gas to 
escape during use. Furthermore, the minimum allowed container wall thickness of 0.5 mm 
(0.020 in) precludes the use of typical 1 atmosphere differential pressure helium leak test used 
for vacuum systems because this pressure differential can cause plastic deformation of the 
container walls. The manufacturing acceptance testing for the containers is performed at a 
differential pressure of ~0.1 atmospheres (>10 kPa) for this reason.  The maximum normal 
operating pressure during use is 1 kPa for the quart-size containers and 2 kPa for the gallon-size 
containers. 
 
Extent of Condition 

The helium leakage test results for all previously manufactured SAVY containers were analyzed 
to understand the extent of condition of the bar stock issue. Figure 5 illustrates the results of this 
analysis for the 4,837 containers manufactured to date. The containers are sorted by the 
manufacture date and the container size, and this is expected to roughly correspond to unique bar 
stock lots. There are ~18 containers with helium leakage rates between 1.00E-06 and 1.00E-05 
std atm/cc. The three lots with helium leakage rates >7.00E-06 are a batch of 1 Qt lids containers 
manufactured in July, 2012, a batch of 8 Qt containers manufactured in April, 2012, and batch of 
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12 Qt containers manufactured in March, 2017. One SAVY lid from the latter batch was shown 
to have a through-wall penetration with fluorescent dye penetration testing.  

 

Figure 5. Box plots of helium leakage rates by SAVY size and manufacture date.  

A pareto analysis of the helium leakage test data shows that >99% of the SAVY containers have 
helium leakage rates <1E-07 std cc/sec (Figure 6). 

 

Figure 6 Pareto chart of helium leakage rates for all SAVY containers manufactured to date. 

An error analysis of the helium leakage rate measurements was also performed and is illustrated 
in Figure 7. A total of 776 differences (all lids) between measurements performed at 
manufacturing (Vendor) and at Source Inspection (Baseline) were analyzed. The differences are 
very small, and in fact many are zeroes. There is one outlier, a high baseline measurement for 
container serial number 031712112L. Even including this value, the measurement error is very 
small (standard deviation of measurements = 1.1e-07).  This can provide a basis for choosing the 
appropriate leakage rate criterion going forward. If we want to be 3 standard deviations below an 
acceptance limit (L) to account for measurement error, we will need to reject at L=3.3E-07, 6 
standard deviations then use L= 6.6E-07. So if we are looking at limits in the >10-6 range, this 
does not have a major impact. This estimate of the standard deviation includes set up variability 
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as well as measurement variability, and thus provides a reasonably conservative estimate for the 
standard deviation. 

 

Figure 7 Error analysis of helium leakage rate measurements. The Vendor measurements are 
the acceptance tests performed on 100% of the containers immediately after manufacturing. The 
Baseline measurements are the measurements performed on a 10% random sample during the 

QA source inspections. 

Sulfur Content 

The microstructural and chemical analysis performed at LANL also revealed MnS “stringers” in 
the cross section of the failed 3 Qt SAVY lid (Figure 8). An analysis was also performed to 
evaluate the overall sulfur content of the stainless steel used to make the lids. This is published in 
LA-UR-18-29080, Data Visualization for Statistical Analysis and Discovery in Container 
Surface Characterization at the Nano-Scale and Micro-Scale, Wendelberger and Smith. This 
paper describes the analysis of three cross section images where MnS stringers were apparent in 
the lid cross section as dark “stringer-like” features. The stringer area ratio for the three stringer 
images was found to be 0.00034, 0.000894, and 0.00141 (Figure 9). Based on these ratios, the 
average, maximum, and minimum sulfur weight percentage values were estimated at 0.017, 
0.027, and 0.006, all of which meet the specification of < 0.03% sulfur content. 

 

Figure 8 Chemical and microstructural analysis of the surface of the cross-section of a failed 3 
Qt SAVY lid showed that the stringers were primarily composed of MnS. 
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Figure 9. Three images of the cross sectional surface of one of the failing 3 Quart SAVY lids. 
The ratio of the dark spots/lines (representing the MnS stringers) to the total area image were 
used to confirm that the sulfur content was below the allowed specification for 316L SS and 
consistent with measurements made independently by the steel manufacturer and third party 

testers. 

 

Mitigating the Problem  

It is important to note that all (100%) SAVYs as a containment system are acceptance tested with 
a helium leakage test at manufacturing, and therefore there is not a nonconformance in the 
population of containers that have been released for use. A specification change for future 
purchase orders will require that the lids be manufactured from 316L Stainless Steel per ASTM 
Standard A240 / A240M, The Standard Specification for Chromium and Chromium-Nickel 
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and general Applications (see 
Attachments, SDDR-NFT-453184-003). Furthermore, all surveillance containers evaluated to 
date passed the helium leakage tests at the time of surveillance. It is possible that there are some 
small, non-failing leak paths in the lids of containers that have been accepted for use. However, 
this is not expected to affect the container design life because: a) the diameter of the leak path is 
small enough to lead to passing the design qualification helium leakage test, b) third party testing 
of both chemical composition and mechanical properties confirm that the base material meets the 
316L specification, c) gas phase corrosion, the most likely cause of failure observed thus far in 
surveillance, would most likely affect the thin container wall (0.5 mm) before it would corrode 
through the very small leak path in the lid for a distance of 2.1 mm, the minimum thickness of all 
SAVY lids. Finally, there is an additional factor of safety that stems from the fact that the 
maximum possible pressure differential for the containers during use is a factor of 5 to 10 less 
than the pressure differential of the helium leakage tests performed at manufacturing and during 
surveillance.  
 
Path Forward 

The path forward includes using flat plate stock instead of bar stock for SAVY’s in future 
purchase orders.  This will eliminate any inclusions running through the height of the lid which 
causes the potential leak paths. The manufacturer is also planning to rework the current 
containers from the population of 3 Qt lids with suspect bar stock and replace them with lids 
machined from plate stock. This will eliminate any questions or unforeseen problems that might 
arise from lids made from this questionable piece of bar stock. Rework includes sending the 3 Qt 
containers back to NFT to remove the lids while salvaging the remaining components, 
manufacturing new lids complying with the proposed SDDR-NFT-453184-003, installing new 
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lids into the salvaged containers and performing manufacturing acceptance testing and receipt 
inspection. 

Summary 

It was determined that the round bar manufacturing process leads to long grain flaws in lid base 
material. The stainless steel supplier has agreed that the selection of round bar is not appropriate 
for a pressure system. Although the application is not part of a pressure system, the design is 
being modified to require the use of flat plate moving forward. All previous containers have been 
leak tested and met the helium leakage criteria. Dye penetration testing with fluorescent dye on 
three SAVY lids and one Hagan lid shows promise as a method for determining if there are 
through-wall penetrations. A Subcontractor Deviation Disposition Request (SDDR) has been 
submitted and approved to make future lids in this Purchase Order from plate stock material. For 
future orders of SAVY containers, the manufacturing specification will be changed similarly. A 
change in the helium leakage rate pass/fail criterion is under consideration.  An extent of 
condition review is in progress to use helium leakage test results (those close to failing, yet still 
passing) to identify containers accepted for use that could potentially have through-wall 
penetrations in the lids. An image analysis was performed on microscopic cross sections of a 
failing lid to estimate the % sulfur content. Results show that the sulfur quantity is within the 
316L specification, which further confirms the original melt certification and 3rd party testing 
results. It should be noted that the current surveillance program is sufficient to identify any issues 
that may arise from the bar stock inclusions. The Surveillance plan is updated annually, and it 
will be modified as necessary to ensure that any issues associated with lids in the current 
population do not bring the container lifetime into question.  

Attachments 

NFT Nonconformance Report NC# 18-033 

NCR 8442, Memorandum To: Michelle Parsons From: Joe Vandiver Subject: Samuel Son & Co. 
Inc. –HT#271464 -316 – 6.0” RD Claim – Inclusions in Machined Parts 

Subcontractor Deviation Disposition Request, SDDR No.: SDDR-NFT-453184-003 
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